Background Turning gait is an integral part of daily ambulation and likely poses a greater challenge for patients with transtibial amputation compared with walking a straight pathway. A torsion adapter is a prosthetic component that can increase transverse plane compliance of the prosthesis and decrease the torque applied to the residual limb, but whether this will improve patients' mobility, pain, and fatigue remains unknown.
Questions/purposes Does prescription of a torsion adapter translate to improvements in (1) functional mobility and (2) self-perceived pain and fatigue in moderately active patients with lower limb amputation? Methods Ten unilateral transtibial amputees wore a torsion or rigid adapter in random order. Functional mobility was assessed through a field measurement using an activity monitor and through a laboratory measurement using a 6-minute walk test that included turns. The residual limb pain grade assessed self-perceived pain and the Multidimensional Fatigue Inventory assessed fatigue. Results We found relatively small functional differences for amputees wearing a torsion adapter versus a rigid adapter. Amputees wearing a torsion adapter tended to take more low-and medium-intensity steps per day (331 ± 365 and 437 ± 511 difference in steps; effect size = 0.44 and 0.17; confidence interval [CI], 70-592 and 71-802; p = 0.019 and 0.024, respectively). They also experienced less pain interference with activities (1.9 ± 1.7 change in score; effect size = 0.83; CI, 0.3-3.4; p = 0.026) when wearing a torsion adapter. However, these patients took a similar number of total steps per day, walked a comparable distance in 6 minutes, and reported similar residual limb pain and fatigue. Conclusions For a moderately active group of amputees, the torsion adapter did not translate to substantial improvements in functional mobility and self-perceived pain and fatigue. The small increases in low-and mediumintensity activities with less pain interference when wearing a torsion adapter provides evidence to support prescribing this device for amputees with difficulty navigating the household and community environments. Level of Evidence Level II, therapeutic study. See Instructions for Authors for a complete description of levels of evidence.
Introduction
Complex gait such as turning is prevalent in daily ambulation [15] and more challenging for the mobility-impaired [8, 34, 37] with a greater risk of injury [7] compared with walking along a straight pathway. The amputee's reduced ability to modulate transverse plane joint torque, a turning mechanism for nonamputees [27] , and lack of rotational compliance at the socket-pylon interface may contribute to excessive residual limb shear forces that lead to skin breakdown and residual limb pain. This type of pain continues to be a common problem for lower limb amputees and can lead to limitations in both physical and physiological function [13] . A torsion adapter is a prosthetic component designed to facilitate transverse plane rotation in the range that exists during nonamputee gait, resulting in decreased torque transferred through the prosthetic socket to the residual limb [21] . By increasing the transverse plane compliance of the prosthesis and reducing residual limb shear forces, these devices may minimize pain, leading to improved mobility and increased daily activity.
Patients with unilateral transtibial amputation wearing a torsion adapter while turning had decreased prosthetic limb joint rotation moments compared with when they wore a rigid adapter [29] . This finding suggests that a torsion adapter can facilitate changes in orientation by not resisting a turn, which may translate to reduced fatigue and increased daily activity.
The purpose of this study was to explore the effects of a torsion adapter on functional outcomes commonly assessed in clinical practice. We examined the following specific question: Does the prescription of a torsion adapter when compared with a rigid adapter result in (1) improved functional mobility and (2) less self-perceived pain and fatigue?
Patients and Methods

Participants
Ten patients with unilateral transtibial amputation (one female) gave informed written consent to participate in this institutional review board-approved study. Participants were an average (mean ± 1 SD) age of 56 ± 12 years (range, 27-70 years) with a height of 1.8 ± 0.1 m and an average body mass of 88 ± 11 kg. All participants met the following inclusion criteria for this study: (1) wore a prosthesis for at least 2 years before the study and 8 hours each day; (2) considered themselves moderately active community ambulators; (3) did not use upper limb aids; (4) had no history of falls within the previous 6 months; and (5) were free from neurological deficits and underlying musculoskeletal disorders that might have affected gait characteristics by self-report. Amputation etiology included trauma, diabetic infection, vascular, and tumor (Table 1) .
Prosthetic Components
A transverse plane torsion adapter with adjustable torsion stiffness (4R85, current cost = USD 447 at our center; Otto Bock, Duderstadt, Germany) and rigid adapter (4R103, twoclamp rigid adapter, current cost = USD 165 at our center; Otto Bock) were chosen for the present study ( Fig. 1 ). Each adapter was concealed with a black plastic cover and weight-matched to blind the participants to the condition [29] . All other prosthetic components were held constant throughout the study ( Table 1 ). None of the subjects wore this torsion adapter or any device allowing torsional rotation before study enrollment.
Study Design
The torsion adapter stiffness setting was adjusted and fit based on prosthetist expertise, participant feedback, and manufacturer guidelines. Then, participants wore the torsion adapter for a week to test the settings during daily activities and provide feedback for additional adjustments if necessary followed by another week of preliminary evaluation. Once the subjective optimal setting was established, participants were randomized to wear either the torsion adapter or rigid adapter. They then completed a 3-week acclimation period, which has been reported to be adequate for establishing consistent gait after fitting of new prosthetic components [12] , before returning to the laboratory to be fit with a step activity monitor.
Step count data were collected for the subsequent week. At the end of this week, participants returned to the laboratory and completed the 6-minute walk test and two surveys. They were then fit with the second adapter and repeated the protocol. This study design allowed subjects to be tested with and without the torsion adapter in random order while blinded to the condition.
Functional Assessments
Field Measurements of Functional Mobility (Step Count)
A Stepwatch 3 Activity Monitor (Orthocare Innovations, Mountlake Terrace, WA, USA) was worn by each participant on the lateral side of the prosthetic pylon to measure daily step count for a 1-week time period. This pager-sized device (70 x 50 x 20 mm; 38 g) contains a sensor that records the number of steps taken during a 1-minute sampling interval. After adjustments are set for cadence and motion settings according to the user's stature and walking style, this measure of total steps taken in a day has been shown to be accurate [6] and to have high test-retest reliability [17, 25] . Data from the device were downloaded through a docking station and the total number of steps per day was recorded. Three additional step rate categories of low, medium, and high intensity were also examined [2] . Low intensity was defined as \ 15 strides per minute, similar to short bouts of movement within a room. Medium intensity was defined as 15 to 40 strides per minute likely indicating movement from one room to another. High intensity, [ 40 strides per minute, suggests longer bouts of continuous activity. Amputee activity typically consists of short walking bouts of \ 3 minutes [20] with the majority of these short bout steps being at the low-and mediumintensity rates [2] . Prior research has also indicated that these shorter walking bouts are comprised of 20% to 50% turning steps [15] . In lieu of a commercially available activity monitor that measures turning directly, the step activity monitor combined with the turning prevalence in daily activities literature provides insight on amputee functional mobility. To compare our results with other research that used pedometers attached at the waist, the Stepwatch 3 output was multiplied by two to obtain the total number of steps per day rather than prosthesis steps per day.
Laboratory Measurements of Functional Mobility (6minute Walk Test)
The 6-minute walk test (6MWT) was performed indoors along a long, flat, straight hallway of approximately 30 m in length with two orange cones marking the 180°turnaround points at each end of the corridor. Approximately 40 straight steps were taken for every four turning steps. This test was shown to be a reliable measure of functional capacity in transtibial amputees and moderately correlated to other clinical tests of physical mobility that include turning maneuvers [23] . Participants rested 10 minutes before the start of the test and followed the prescribed American Thoracic Society Guidelines once the test began. They walked alone over the duration of the test with the prior instructions to walk as far as possible without running for a total of 6 minutes. A lap counter and stopwatch were used to count laps and measure elapsed time, respectively. Subjects were free to choose the direction and manner in which they completed the 180°turn. On completion of the test, lap counts were summed and lap distance was added to the number of meters walked in the final partial lap.
Self-perceived Pain and Fatigue (Surveys)
Participants completed two surveys. The residual limb pain grade [1] adapted from the Chronic Pain Grade [36] measured perceived pain based on an 11-point numerical pain rating scale (0 = ''no pain''; 10 = ''pain as bad as could be''). This survey assesses the frequency and duration of residual limb pain; the extent of current pain; the worst, least, and average pain over the duration of the 1-week period with the step activity monitor; the extent to which this pain was bothersome; and the extent it has interfered with daily activities. Overall pain intensity was also calculated by taking the average of the three questions related to current, worst, and average pain [36] . A similar adaptation of the Chronic Pain Grade that examined a 3-month duration has also been shown to be valid and reliable for measuring amputee lower limb pain [11] . We focused on a 1-week duration similar to a prior study [1] to correspond to the time after the 3-week acclimation period that participants donned each adapter. A 1-week time duration for the numerical pain rating scale has been suggested to be a valid assessment of pain [9] . The second survey completed by participants was the Multidimensional Fatigue Inventory (MFI-20) [30] . This survey is a 20-item self-report evaluation of a participant's general, physical, and mental fatigue as well as a measure of activity and motivation that has been shown to be valid in a variety of groups including patients with cancer, patients with chronic fatigue syndrome, psychology students, medical students, army recruits, and junior physicians [30, 31] . Scoring for each MFI-20 question ranged from 1 to 5 with total scores for each four-question subscale ranging from 4 ''less fatigued'' to 20 ''more fatigued.'' Based on our primary interests in physical and general fatigue, we only reported scores from these subscales, as recommended by the survey authors [30] . Additionally, participants were asked to indicate how tired they had been feeling, ranging from ''not tired at all'' to ''extremely tired,'' by marking a visual analog fatigue scale [16, 26, 28] . This scale, scored numerically from 0 to 100, is a one-dimensional test in which a higher number indicates greater fatigue. Similar use of visual analog scales has been shown to be valid and reliable for assessing the level of fatigue and energy in both healthy and patient populations [9, 22] and was used to demonstrate convergent validity with the MFI-20 [31] .
Statistical Analysis
Mean ± 1 SD and within-subject differences between amputees wearing a rigid versus a torsion adapter in daily step count, 6MWT score, and survey scores were assessed with paired t-tests and 95% confidence intervals. Exact p values are reported for each comparison. Effect size was also calculated for comparisons with a p value of \ 0.1 to facilitate interpretation of clinically relevant differences [10] . Cohen [5] proposed guidelines for interpreting effect sizes in behavioral sciences with 0.2, 0.5, and 0.8 as the approximate lower bounds for a small, medium, and large effect, respectively. Statistical analyses were carried out using R 2.15.1 (Free Software Foundation, Boston, MA, USA).
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Results
The mean number of steps per day for patients with transtibial amputations in this study was between 6000 and 7000 steps whether they were wearing a torsion adapter or a rigid adapter ( Table 2) . Approximately half of their steps were taken at a medium-intensity level (15-40 strides per minute) with the torsion adapter resulting in a slightly higher number of medium-intensity steps per day (mean ± 1 SD [95% confidence interval] = 437 ± 511 [71-802] step difference, p = 0.024; effect size = 0.17). Approximately one-third of their steps were taken at a low-intensity level (\ 15 strides per minute) with the torsion adapter again resulting in a slightly higher number of low-intensity steps per day (331 ± 365 [70-592] step difference, p = 0.019; effect size = 0.44). The remainder of their steps were at a high-intensity level ([ 40 strides per minute) but with no statistically significant differences observed between conditions. The distance traveled during the 6MWT was slightly \ 500 m regardless of condition.
Patients with transtibial amputations in this study reported similar self-perceived residual limb pain and fatigue when they wore either the torsion adapter or rigid adapter (Table 3) . However, when wearing the torsion adapter, they were found to have approximately a 50% reduction in pain interference with daily activities as compared with when they wore the rigid adapter (1.9 ± 1.7 [0.3-3.4] score difference, p = 0.026; effect size = 0.83). For the patients who presented with residual limb pain (n = 7), overall pain intensity (defined as the average score of three questions: residual limb pain at present, average residual limb pain, and worst residual limb pain) was 2.5 ± 1.5 and 3.2 ± 1.6 for the torsion adapter and rigid adapter, respectively (p = 0.14). Five of the seven participants with pain reported a mean reduction of 1.2 ± 0.5 associated with the torsion adapter, one reported a 1point increase in pain with the torsion adapter, and one reported no change. The frequency that pain occurred was varied across subjects with pain from only once or twice a week to everyday. 23] 0.91 * Mean (SD) and [95% confidence intervals] within-subject differences are also included where a positive value indicates a larger step total for the torsion adapter; p \0.1 significant difference between the torsion and rigid adapters; à paired t-tests for the differences between torsion and rigid adapters. 26] 0.64 * The residual limb pain grade scores ranged from 0 ''no pain/interference'' to 10 ''severe pain/interference.'' The Multidimensional Fatigue Inventory (MFI-20) scores ranged from 4 ''less fatigued'' to 20 ''more fatigued.'' The visual analog fatigue scale score ranged from 0 ''not tired at all'' to 100 ''extremely tired.'' Mean (SD) and [95% confidence intervals] within-subject differences are also included where a positive value suggests a lower pain/fatigue score associated with the torsion adapter; p \ 0.1 significant difference between the torsion and rigid adapters; à paired t-tests for the differences between torsion and rigid adapters. 
Discussion
Daily ambulation requires turning, which poses a greater challenge for patients with lower limb amputation. The addition of a torsion adapter may facilitate turning [29] and reduce torque transferred through the prosthetic socket to the residual limb [21] ; however, it remains unknown if wearing the torsion adapter translates to improvements in functional outcomes commonly used in a clinical setting. Therefore, this study examined the effect of patients with transtibial amputation wearing a torsion adapter compared with a rigid adapter on functional mobility, pain, and fatigue. We found a relatively small effect associated with the inclusion of a torsion adapter with small increases in low-and medium-intensity daily step count and reductions in pain interference with daily activities. Several limitations should be considered when interpreting the study results. The relatively small sample size (n = 10) of transtibial amputee community ambulators and just one female participant limit our ability to apply these results to a broader population of amputees. Compared with prior research, our amputees reported less severe residual limb pain intensity [11] and more medium-intensity steps per day [33] . Therefore, further research that examines the benefit of a torsion adapter in a less active group of amputees with more significant residual limb pain may reveal greater differences in functional outcomes. There is also a possibility that as a result of low power, we failed to detect small differences between the two adapters, a common challenge for amputee studies. A within-subject study design, careful choice of outcome metrics, and complete dissemination of the results increase the likelihood of accurate interpretation despite a small sample size. By reporting specific p values, confidence intervals, and a slightly larger cutoff (p \ 0.1) to examine effect size, this study provides an estimate of the magnitude of differences related to wearing a torsion adapter for the examined outcome metrics. The size and distribution of the confidence intervals of the nonsignificant differences reveal the variability that exists for the calculated differences between means. For the 6MWT, the smaller confidence intervals that were more centered on zero suggest a higher degree of certainty that there was no improvement in 6MWT with the torsion adapter. The relatively large confidence intervals for all other nonsignificant findings yield less certainty in the efficacy of the torsion adapter. The possibility also remains that (1) larger differences exist but that the chosen outcome metrics were not able to detect these differences or (2) a different group of amputees may be more or less affected by wearing a torsion adapter. Therefore, further research that examines a larger and more diverse population is required to further refine these results.
We did not detect large differences in activity level between patients with transtibial amputations wearing a torsion or rigid adapter. Small increases (13%) in low-and medium-intensity steps were associated with wearing the torsion adapter. These findings support the biomechanical results that indicate the torsion adapter facilitates turning [29] , because these step rate categories have been suggested to indicate movement within a room and from room to room [2] , two activities comprised of 35% to 50% turning steps [15] . However, based on the relatively small combined average step increase of just over 750 steps per day for the low-and medium-intensity categories and relatively small effect sizes [5] , the clinical importance of these differences is likely relatively small. Our total step count results are comparable to other studies that examined transtibial amputee daily step count [1, 33] , which is in the range (5000-7499 steps) designated as ''low active'' in the general population [35] . However, our subjects on average took more medium-intensity than low-intensity steps (50% and 35% of total steps, respectively) compared with Stepien et al. [33] who reported their amputees took mostly low-intensity steps ([90% of total steps), suggesting our population was more active. Therefore, further research that examines a broader population of amputees is warranted.
Wearing a torsion adapter did not improve amputee mobility as measured with the 6MWT. The distances walked for amputees wearing either adapter were comparable to the lower range reported in other studies of healthy subjects [3, 4] , similar to an older population [24] , and slightly reduced [23] or similar [14] compared with a group of highly active transtibial amputees. The 6MWT requires mostly straight line walking with only intermittent turns, where only 10% of steps taken during the test were turning steps. However, a moderate correlation between this test and the Timed Up and Go (TUG) test [23] , which is more focused on turning, suggests that improvements in turning efficiency would lead to both an improved TUG score and distance walked in the 6MWT. Therefore, the results presented in this study provide evidence that the inclusion of a torsion adapter had little effect on a commonly used clinical tool influenced by functional mobility and physical functioning [24] . A more direct test of turning ability that monitors turning direction, limb preference, turn sway, and turn time may be more sensitive to smaller improvements in turning ability [19] and provide further insight on the effect of a similar prosthetic intervention.
Based on our results, pain and fatigue levels were similar between patients wearing a torsion adapter or a rigid adapter. The percentage of amputees who reported residual limb pain in this study (70%) was comparable to previous literature [11, 13] . All subjects who presented with residual limb pain reported it as episodic and overall only mildly bothersome with reduced overall scores compared with other research [11, 13] . This result may be attributable to our stricter inclusion criteria of only transtibial amputees who were community ambulators. Therefore, these results may only apply to a subset of amputees less affected by residual limb pain than the general amputee population. We did find an average 1.9-point reduction in pain interference with daily activities when wearing the torsion adapter, which is likely a meaningful improvement in perceived function [32] . The importance of this improvement was further supported by the effect size, which was greater than the 0.8 threshold that has been suggested to indicate a large effect [5] . This finding suggests these patients perceived an increased ease of performing activities while wearing the torsion adapter. From the small increases in low-and medium-intensity steps that we found associated with wearing the torsion adapter, we can deduce that the improved activities were likely shorter bouts of walking that included turns. However, a survey that specifically defines different categories of activities would be valuable to corroborate these findings.
Wearing the torsion adapter also did not significantly affect amputee self-perceived general and physical fatigue as measured through the MFI-20. These scores were comparable to previous amputee research [1] , which was on average slightly more fatigued than the general population (8.7 ± 4 [18] ). The close to normal fatigue levels of our patient population leave little room for improvement and potentially a floor effect for this measure. Therefore, increasing the transverse plane compliance of the prosthesis may improve comfort but may have little effect on fatigue in a moderately active amputee population.
The addition of a torsion adapter resulted in small improvements in functional mobility and self-perceived pain interference with activities. Small increases in lower stepping rate activities that frequently involve turning and small yet potentially important reductions in pain interference with daily activities suggest that the addition of a torsion adapter may lead to improvements during activities that require turning, potentially translating to improved function.
